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ltt^nt0nepu$ $peictFal)an^lj/$i$^ O0t0Ctlm of iaw^lrequency 
shadows associaieti with hjfilfooarbons 
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IhStantfflieaua spectral analysis (ISA) is a 
fre^iiency eixsify^ technique that provides a 
tnnti for each time sample of a sdsmic trace. I£ 
exoyieht tinie and it^uendy localizaldon u 
\rsa\siotms tgl avoid Wmdowing pjiSfilems thai; cpmpji<;»te, 
ccMltrenliar^ pQiKiito^^i^^ Applications of " 
inciu4f^.enh4t^^ rfisoIultibT^ jboq?r6ved visual|za 
graphic feaftiife^/ tiddkntes ^ttiniatipfi for thin 



Gcrttiiuious time- 
l»equency spec- 
is \ achieves botfi 
itilizing waveliet 



of tiie method 
Eiiicm of. strati- 

^ ^ - , \fte^B,noisesup- 
pressioiv izi^toi^ qsiedtnd talai^^ diic ct%diKx;aifao(n 

"i^WchlSAcan 
I ajctco^^^ly higl(i 



iiuUc^tiati. We have seen four distinct Ways ir 
help iri. to detectibn erf (1) aicijc 

attkhuktid^l^^i^^ 

n0t Sitije^ ic^lt ih ii|n£i(^^^ . 
tial lUiishiiiii^m at the ''ttmi^ig^ firequency wJ lich 
fefrent for gas. or btine-s^turated ro 
£requ^ncy-<i^ehd fri tfds pdper, we 

technique, cOixipare it to other spectial deoonili 



3ie8eiyoirs,.(2) 
|{lie^ thickness is 

canbedif- 
ks> jand (4) 
c^eiscnT^ theKA. 
[osidon xxv^^. 
to delect low- 



np 



ods;, ahd show e^^^c^^ 

. The' ISA ni^dipd mvoiyes the fpilo>ying .stfep^: (I) . fJf^iJVr 
tjr^mip^ 

piwitiafv jj2) sitin dieFojuiier Spectra of tive inm^ 
in thi^ tirne-fresqiiency domain tc)p7X)diice "freqi 
and (3) sort the frekjuency' gathers to produce 
stant) frequency cubes, sections, time sJices, anc I 
The resiilts caii be viewed using animatian t^ i 
ahte iri cdmineiiqial interp r etation and yisualizj i1 
I^jgure 1 shows a synthe&i seiamic trace 



sa^nple. 



shows amplitude spectra for eajth tirrie 
this Idrl^J plot as a ^frequency gaiher.'^ The 
die syndtetic sdsmogram results f^m art isdat^ reflector, 
frequertcy speicfaiim is die i^iectrum of the wa^ ^elet Note 
die duration of the spectrum is identical to the iuration of die 



/arrival in the tinie domain as opposed to Fouri s^based meth- 
j ods in whi<A"^ lme'tttB ai ft^6^ Ir^tewrtogafiT 
I The second evient isaooriipcisite of twoevents c f^FSSpg ceh- 



i tenfifequencynamvmg precisely aFthe same 



guenc^ ^?ectrum indicates a low-frequency 
over tune and a htgher-frequency aziiival tibial 
Ized in time. The third event is caused by t;vo i 
arrivals of the same fzequeiiey. Although the p leso 
arrivals is not iiximeti&i 

time-freqaency decomposition deatirly^h^w^ 
arrivals. Hie fourth event is a compo^ of ft 
arriving at two distinct times evident on the t 
analysis. The final event C6h$isj8 pi diuree airiv 
frequency diat axe very db^y ^ao^ in time 
tinct arrivals cannot be resolved at low 
separation is (;i|e^a^. ev^5ipnt on the tinie^jEreqiueni^ 9n^yi^ 
at high fiiequfeniffj^ It ^^^ai^rthatlSA pro^^ i^eif^ 
representation of^ the inibrmation. contained in^ seismic trace. 



Spectral decompositiim 9ieth949!^ Vaiigus 
been utilized in time-fr egixe ncy aiialyisis. TrddLtionally, 
Fast Fourier trans^oiin (FpT) aiiid. discrete Fourier 
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] Tursuit decom- 
L\ 'idual wi^velets 
freqi lency gathers," 
common (con- 
hodzon slices. 

ues avail- 
itiOnpackages. 
arvi the corre- 



te<iiniqi 



We r^fer to 
first arrival on 
Hie 
that 



fiinie. The fre- 
arrival spread 
is more local- 
ixiLerfering 
of two 

distttict 
ur waveforms 
tjim.e-£requfincy 
V <>f th^siiwe 
Tiifetfi^^dis- 
buttiie 



h^ve 
the 

trimsforih 




constituent waoel^s (color coded 'ty cerder fi^u^^ ariii tin^ 
fnqu^nc^ atfafysis (red reptKls^f^ liigii MplUudeh Ai iiiny men time, the 
siiecinm of the sk^M^ram^ the wdghied sime^pdsitiaA iftheitiixv&et 
epectm. Since the exact wmdetB stimming to form the. 
knovm, exact spectru versii$.time ma^ computed. 




Figurel, ComparisoncfthtespedkiMl^Ajbras^ 



hayje be^ applied 0lh! havirig the advantages of 
greats s^eed a|ii;d notmandatin|g; traitsfbrm lengths that are 
a power of 2 as lequirBd by I*FT). Both tedudquie^ have Kiri- 
ited vertical resdution because me seism'ogram must l>e win- 
dowed. The spectral energy is distributed in time over the 
length of the window, diereby limiting lesolutian. If the time 
window is too short, the spectrum is convolved with the trans- 
fer function of the window, and frequency localization is lost 
(L^.^ the fiiequency spectrum is smea^d). Ihis can be mitigated 
to some extent by tapering the window^ but it is obviously 
preferable to avoid windowing altpgetho*. Another disad- 
vant^e of a short window is that side lobes of arrivaJd appear 
as distinct events in the time-freqiienc^ analysis. If die time 
wirulow is lengthened to inripro ve frequency resolution, mul- 



1 20 The Leading Edge FEekMsrf 2003 

. PACE 5/10 * RCVD AT 4/12/2004 1 :97:51 PM [Eastern Daylight Time] * SVR:U8PTO-EFXRF-1/0 * DNIS:8729306 * CSID:7135212873 * DURATION (mm-ss):12-12 



Hpr 12 2004 12j56PM SOFIA liCGUIRE 



7135212873 




tipte eS^^: w jjttt^^J^ oyer a long tift^e jhi^eiy al/ thj^i^ 

tq ascitfcWfii-^^^rt^ specdfi- 

cufttoi[i»^i^i^^S^ H^^t^ gavelet cUdkwt^. VVfe pMer to $^^ct tfie w:avelef 

Ete^i^/ I^^ i^ipv^ltS^^ di^tiicS^^ to betier csiptiire fektiii^ of ^ sdl^pg^^ 

use4: Jir d;(ecoj;h^p|iii^ Itijj^ Jediuniq iiie^ tifl^^ wini^ ^ec^^ ^yp^^^^^ many 

xial YiPMi^. ftij^ assu^j^ictt^ 6^ ^ tt€tho4 6? if the w&dpw coii:ipti^iip^ iHfe/ i>'^yeli^rtr^ifQW\ fc^sied jani^jtmta- 

it se^ii^^ ty, M u^ifiia)^^ <^pecip^ lor lei&r.^ i:«!xpeit tisers. aocj^tgble sfi^ i^H^ smn4j^i0li9ly 4ciiJj^vi^g'4ii^^ 

i.,_.^k:...t_-_....-^.^,__..._-...i^-,^. J.. . .timer'-*"-''--"' • 



firjSft||riyal^ tb^ two j 




}^>^^^m0m . , , , ^ ^ , , - ^ 

ttjiS' ifijS^oii ■^ij^iisi?*5--W*'*t- Mils? imSa^is:. khav'-ssqirtvei^'w^- i^Vfe^,- 
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section. Trvughs are bluer and peOis art fat the rts^ 
classic bri^t spot (lotD-impedfmce gas. sands with a < 
trough). No shadowing beneath ihe resen;7oiT r 



(arrow) is a 
::temtic leading 
t Timing lines 




appetr 



8 has; 
somewhat 



Figure ^St^Hz common frequencv section correspo^m 
iiandBecfim0F^^7/Thff^ 
disappearled. Bixnts imwedialely oekm? the reservoir 
attenuated, imtngMnea mr 2C! m: 

tion be judged as better than, another if there is no unique 
answer? In our opiniorv Ae important questioi i is not which 
*=*®P?™P^^Pn|9'i^t pr WTfffigr but vvHWch caph u^s the essen- 
tial JfeStur^&^iiri$>or6irfe ifiiAt^^Matibri^W^ ve it is impoi^ 
tartltfhiat flie f bllawiiig aiteri^ .^ue triet; 

l)TlijB suift'<iif ij^^ analysis over ficequency 

sj:\<?uld appptjaxiinate the instantaneous ambhtude oi tfie. 
seismic trace. 
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Fi^re m Broad-baibi seismic section fhm NW S^fcfAi4^traiia, Gas* 
sands are pihk^ mid brtnt ^cbids tire bltie. 

2) The sum of the time-frequency analysis over time should 
a^proxijnat^ the. ^piactrimi.^f ttie seismic tt^ce* 

3) tJistinct seismic evients siioiild appear as disinidt events on 
the liihe-freqiiericj^ analysis. IiiCittief \Vxxcfe> the vefirtiiM res^ 
plutipr^ of the ftjie frpqup^.^iJcvMj^^fi^^ co^peror. 
ble to sdscftbgraifu The tiiiie dWatiort 6iF aii ^aif on 
the ttae*ftequeHSq(r''ariMysi9(should^ differ frtjm this toie 
duration qT\ the ^e^smpgiam. . 

4) Side fob^ ttf evettifeon thk ^lahtogram ^buld hfaVappe&t' 
as separate events on tiie time-frequency ai^y sis. 

5) The amplitude spectrum of an isolated event should be 
trfidisto^t^. lite sj^BJ^tmm should iu$t be c(MvblV6d with 
the spectrum of the window function, 

6) There should be no spectral notches related to the time sep- 
aration .of resolvable events. 

A siire ^ighM improper spfedti^ dibcanriL]f)Ofii^6tfi £s a large 
dc (zerp fr^x^q^) component fpr given evi^stts qji daja^ that 
h^ve had low-cut filters applied ana sixiuld have litke low- 
frbqiiei^j^^e^^ 
ip. w^r^dpi^q^ . 

By a^ffcitidrv the ISA tech^dque is <^esigjned fo^ 
inatically conform to criteria (1) and (2). As the BA metiiod 
involves no windowing of the seismogram it also does well 
at meeting criteria (3) to (6), As can be seen in Fieuie 2, ISA ^ 
dc?es a good job of captming the;^j^ii^^ 
time-frequency spectra. One ca\n^#^%i^;^iw^ the 
selection of the wavelet dictiof^i^:-t^5^|^ 
quency repies^tatipn. An ttapf^i^pij^i^ 
will cause the ISA method to feSj(jp,;|(^|^^;^ 
and (4) will hot be achieved. ■. ' '■, V'- ''■ ' 

JRgure 3 complies ISA and j^vff^'^ 
thetic trace disfciissed previoualjjfli^^^p: 
a 2C)0-tns window, Nofi<ie thatth^J^]|||i^Sp^j^ 
out over the windgrw length. V^fm)ml^^-^M 
the same wiiridOw, severe specti^^^|i^f:^i|^^^ as 
''libs" between events. The loc4So|^^■^^8l^:^^ 
odicity of the ribs depend entirdy ot IB^l&s^^ in 
tiirie arid fell little about the spectral diaradteriS^ c^f ihdi- 
vidual reflectors. Certain ly d osely spacesd. ar^vals carmot be 
reserved in time on the FFT time^fe^ueftc^^'analysis. Their 
spacing in time can only be infierred from location of spectral 
notriTfis— -this being a stron gly m odel dependent infea-ence. The 
temporal resolution of lhe FFT can be irpptxyyed )by reduocig 
the vdndow lengttv the cost being loS^ of fteqiitocy re^olii- 
tion and smearing of ihe s pectriml (Pigute:4)i In this qasp, DFT 
was tised rather than FFT beicatise ttie ^yu)dq^^ length was not 
a power of 2. At first glanc^^ UFt £p^r& ii^Ve r^ltitidrt 
con^Lparable to ISA Fart of this improyenvetitis illusp^^^ 
ever, as false events (that can be assoda ted with sicie lobes of 
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ing Uf ihe 



dnuul^^ffiiaie^)^ eectkm in Figure 22. Xteioe<?t/rC9Ue9ic,r e(A 
heneaik the resemp^ is ^ s tnmgssi ftren!^ on sficHan. 

cormpimdins, *o ihf}md^bcm^ Beigtmlefitii^ m ^ig^?^ 
frequencu shadm if^ Uti r^s^b&ir hiivecani^^ amp^- 
extent ofpie^hOm^ hemd^hiies the teserwirdimehsidri^ 
165 to 200). Xc) lO-Hz tdmhon frei(utnoi9ecium corr&i 
hroadAnaid seismic section hi F^it i2.The Uwfreque\ 
cotfif^tdy i^teititttteii 

high frequencies upon sti»cfcing;..and tioie-varyiig deccinvo- 
lutian wtee the gasbrlgjit spot is in the design window. 

In ttic examples which fallow, the finequencr galtwxB are 
sorted into common frequency cubes, sections, and horizon 
slices (Figure 6). Each common freqioency display is.ttiKa the 
spectral amplitude for that finequcncy vexsus tin le. 

The first example is a bright wot fiom the Gi ilf of Mpdco 
(Figure 7). The resprvoir hais a cniaradtedstk: l^juflng-trough 
(blue) on ti« bipadbartd sei^c data oi\d is slightly briehter 
than nearby events. Figure 8 shows the oorresporViiiig ISA Mo- 
tion at 10 Hz. the reservoir is anomalousJy bright at this fre- 
quency, but what is most intriguing is the zone of abriorinally 
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Id) from the ^fW Shelf of 



Ibenext example (Figure liv/^*. ^^^^ — 
Australia ekhibHs two distinct g^s ijeservoirs. At 10 Hz (Figure 
11a) the brig]xtest event on the feec ion is beneath the deeper 
gaspay.\'Nfebelievethistobea lovr-tequency shadow. At 20 
Hz^thegaoiEservoiisfliiebilght 3- tra^ 
MiBists. Hie shadow lias doon^leidy disapp^reei at 30 Hz 
QFigutellic): 

Returning to the Gulf of Me: id , a wealc amplitude anom- 



lau^fitqueficjshadawis ahr can be Bern at the crest of the structure in Figure 12. Figure 
13 shows the relative variation s iik event amplitudes as fre- 
quency increases. At ft Hk the strongest i^Ceiit Is a loW-fre- 
qu^KV shadow urider ti>e reservtoir vt^iich exten^Js to the 
re^dir limits (jt^igiix^ 13a). At 12 tiie top reservoir-sand 
r^lect^on is now strong and eielah^dow persists (Hgure 13b). 
At26H5rtheshadowii9gane(Ii^^ ^ , 

Viewing frequency-depend intjeSects in map view is also 
very revealing. Figute 14 show s ftequency-dependent hori- 
zon slices at the top of the reser^ld (left) and for a 50-ms time 
TAdndow immediately beneath) tht reservoir. The reservoir 
dimensions are outiined fay tiie hashed contour. At 6 Hz 
{Knire 14a) the reservdir ampli udb is not particularly bright. 
Ihl a^fier window shoivs a st ohk shadow linder the reser- 
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the lower left of One 



♦^^^V^ ^*''> *e reservoir Is a clear 

dinn-S^^ f>*ie fewer tefflias 4^ .eloped 

SS^^.'^ '^t'^*^ shtfivtag that it is a slr^ffi 
Older geologic feature umelated to the reservjir. 

ttat tte BA melhod has a much belter 
poral and fiaequency resolutian than conve 

hydrocarbon indicator. Low^fiequency " 



we 1 



band seiGonicsecticKns. 

««. shown, ftfi shadow was 

fl« merroiT ieflection at lower frequendes, si 
shadMjTB are not necessarily a sim^e attent^^on t 

these apiowis' iaii^ t^iw^ wH^^Smr^ 
.^Jt^,^ aM^>litude ari^j^&infiill* 



have shown 
combination odfi jtein- 
sjpedxal 
iadizect. 
shade iwd arc much 
data thdxi on bmad- 



5 Wftehche 



mar 



reser- 

hrigjhtspot 
to the lower 
origia). 

Lphically 



a^^^'^^'^y ^ '^^'^ anomalous at some 

other frequency. Ih our opinion, such bioad-lXciamo^^ 

36 ive can iinw<i4^€i^*2 ii^^^i^i^ 



stronger than 
siigg^stogtfiat 
**ionphenom€- 
^ei) added or 
i^^tteaitiatlan 
E/mtfcoost 



g^enseiamic^ata set This wiUbedis<3,ZS^t^^ 



5H«>Cy Sa?,aha4<w od seisnUc sectidn^^ira; i.^i 



*F J»9pee<8ng8 fby ale jis)»6 
Wave ftopagatian In Rodcs. tf 



piata 



^:f^Jf^SmMs: *9ih?.C«s Thknotisy Institute' mJ Fusion 



Ccnespandhtg mitfiar wsto^mJgte^.edw 
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